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Abstract: The Yulong giant porphyry Cu deposit is located in the eastern margin of the Tibet Plateau. It is a typi-
cal representative of collisional porphyry copper deposits. Recent studies indicate disparities in the mineralization
potential between the ore-forming and ore-bearing porphyries of the Yulong deposit. Here we present whole-rock

main/trace elements, whole-rock Sr-Nd, zircon U-Pb, and zircon trace elements data for ore-bearing monzogranite
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porphyry and ore-forming granite porphyry of the Yulong deposit to delve into the magmagenesis of this deposit and
the intrinsic factors influencing its mineralization potential. Zircon U-Pb dating shows that the Yulong porphyry were
emplaced at ca. 42~41 Ma. Monzogranite porphyry and granite porphyry have similar Sr-Nd ratio, including high
(*'St/*Sr),(0.706 0~0.707 6 and 0.706 2~0.706 7) with low eNd(t) (-=2.9~-2.0 and —4.6~-1.9). High
K,O (the average>4%), low MgO, Mg" and Cr, significant negative Nb and Tb anomalies, low Nb/U and Ce/Pb
ratios were derived from partial melting of a thickened lower crust. Combine with adakitic signatures of monzogran-
ite, including high SiO,, Al,O, and Sr contents, low Y and Yb contents with high St/Y and La/Yb ratios, we pro-
pose that the Yulong metallogenic mother magma originated from the partial melting of the Cenozoic lower crust.
Zircon trace-element analysis shows that the two porphyries of Yulong have high Eu/Eu” (>0.44), 10 000x(Eu/
Fu®)/Y(>3.6), (Ce/Nd)/Y(>0.01) and lower Dy/Yb (<0.31, average 0.22), suggesting that both porphyries
have high and similar magma water content. Moreover, trace elements in zircons shows that monzogranite porphyry
AFMQ= 0.29~2.29 (average 1.44), and granite porphyry AFMQ=1. 07 ~2. 74 (average 1.80). They both have
high magmatic oxygen fugacity, but the granite porphyry has a larger range of variation. In addition, the oxygen fu-
gacity is higher than that of monzogranite, suggesting that different oxygen fugacity may affect the differences in
mineralization.

Key words: geochemistry; Sr-Nd isotopes; zircon U-Pb dating; zircon trace elements; porphyry copper deposit;
Yulong, Xizang
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Fig. 1 Geologic map of the northern segment of the Sanjiang belt (a, after Yang et al. , 2014; Lin et al. , 2018; Yang and
Cooke, 2019) and structural features and porphyry distribution in the southern segment of the Yulong porphyry Cu belt (b, after
Hou et al. , 2003; Yang and Cooke, 2019)
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Fig. 3 Photographs of hand specimens and microscopic of the monzogranite porphyry and granite porphyry in Yulong Cu deposit
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a—monzogranite porphyry on the margin of the composite porphyry, showing typical porphyritic texture characterized with K-feldspar megacryst;
b—ore-forming granite porphyry showing porphyritic texture, but with smaller phenocryst and no K-feldspar megacryst; ¢, d—microscopic image of

monzogranite porphyry and granite porphyry ( cross-polarized light) ; Bt—biotite; Qtz—quartz; Kfs—K-feldspar; Pl—plagioclase; Spn—sphene
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Fig. 4 Cathodoluminescence ( CL) images of zircons from the monzogranite porphyry (a) and granite porphyry in Yulong Cu
deposit (b) (circles represent spots for LA-ICP-MS U-Pb dating)
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porphyry in Yulong Cu deposit

FE S /BRI A

1 " L L L L 1 1 L L 1 L 10°

La Ce Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yb Lu La Ce Pr- Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

K6 FIMla —KAERBES (a) 58K BES (b) HUBURL RS A1 7 b 70 3 SOk Bt A7 b i (A X AT (i 8l 51 A
Sun et al. , 1989)
Fig. 6 Chondrite-normalized REE patterns of zircons for monzogranite porphyry (a) and granite porphyry (b) in Yulong Cu

deposit (normalization values are from Sun et al. , 1989)
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21 NS B Ph/ 7P U A8 A T 40. 89 ~ 43. 05 Ma
ZIA], AL BT 4E 8 41. 89+0. 28 Ma (n = 21,
MSWD=2.0, & 5a, 5b),

FEA YL14-07A (A€ 5 BE 7 ) P gs £7 J0kr R #E 4
JESEar, 2 A KARSERR . 85 A KL 100
~200 wm, 5EFEZH 100~ 150 pm, K% LA T 1~2
Z ], ok UL kR A TEBA R R G ER L BoR
HIEMT R G (K 4b) |, [FJ8 A KBS A1, FERh
20 N RN A Th U 535390k 379%107° ~2 091
x107° 1 630x107° ~2 818 x 107, H: Th/U {4/ T
0.37~1.04 Z 0], 5 AR MHEE A YA, I%FE 5
120 AN AT Ph/ U AR IR AT 40. 95 ~42. 35 Ma
Z I8, JINACE B4R R 41,59 £0. 17 Ma (n = 20,

MSWD=1.09, & 5¢,5d) .
3.2 #HARERTE

T A R e, B A I R BT R B 4 X
FAEE AR, @ H £ 10 LT (Hoskin and Schalteg-
ger, 2003) , FrLATEM ] LA-ICP-MS X85 47 H 19 7
AT E B, 2 2 B K A S A R
Wi, DR, FERR PGS A1 1) Ce 53 8 REE FLIE 5T
AR AR5 B B, N7 P A A B A i e Bs . B Ak
La>1x10° Ti>50x10°° Ba>8x10°° iU L & & &
A RESZ BN ES A W AR B KA Fe-Ti ALY LA
R AR AR S BRI 50 ( Lu et al. , 2016) , £
e A B B A REE A1 H (B, Ti B 55 s I
22,

x2 FRAT-KENMEMERREEAMESTER wy/107°
Table 2 Zircon trace elements results of the monzogranite porphyry and granite porphyry in Yulong Cu deposit
ZRAEKBES
Hor YL16-  YLl6-  YLl6-  YLI6-  YLI6-  YLI6-  YLI6-  YLI6-  YLI6-  YLI6-  YLI6-  YLI6-
08D-2 08D-3 08D-4 08D-8 08D-9 08D-10 ~ 08D-12  08D-13 ~ 08D-14  08D-16  08D-20  08D-23
P 93 97 125 70 109 54 71 109 80 103 145 52
Ti 2.61 3.12 4.60 3.14 3.06 1.68 2.55 2.88 2.62 2.80 3.77 2.01
Y 868 840 1165 922 844 901 896 1265 636 904 934 428
Nb 3.00 2.53 3.74 3.85 3.38 3.50 3.51 3.08 2.35 3.45 3.35 1.25
Hf 11 640 10 090 10 010 11 330 10 420 11 070 11 070 10 000 11 460 10 710 10 810 13 010
Pb 33.38 21.70 21.93 20. 21 12.83 21.49 24.94 17.29 10.93 27.05 14. 63 15.29
Th 1 925 1128 1186 1137 701 1195 1 360 935 589 1477 769 859
U 3194 2 081 2 256 2125 1812 2 449 2 852 1516 1579 2143 1737 2 427
La 0.194 0. 065 0. 430 0.012 0.001 0.002 0. 003 0.041 0.143 0. 104 0.474 0. 005
Ce 37.4 48.5 76.3 46.7 68. 6 34.5 56.5 66.2 37.9 51.1 56.9 22.1
Pr 0. 087 0.123 0.188 0. 052 0. 107 0.028 0.083 0.271 0. 105 0. 094 0. 206 0. 024
Nd 1.19 2.18 2.65 1.49 2.26 0.57 0.88 4.88 0.88 1. 64 1.85 0.55
Sm 2.47 4.05 3.52 2.76 4.64 1.90 2.73 7.75 2.18 3.30 3.08 0.98
Eu 1.03 1.57 1.90 1.50 1.89 0.92 1.41 3.21 1.18 1.55 1.36 0.54
Gd 15.90 19. 60 22.50 16.7 22.9 11.47 16. 90 34.40 12.08 17.80 18. 00 6.34
Th 4.89 5.73 6.76 5.33 6.46 3.82 5.29 9.50 3.90 5.77 5.50 2.18
Dy 60.2 67.6 86.1 67.0 72.9 55.1 62.3 103.3 46.6 71.4 67.8 28.1
Ho 23.91 25.10 33.60 27.00 25.90 23.50 25.30 37.90 18.25 28. 60 27.10 11.33
Er 125 124 160 139 123 130 132 185 97 129 137 60
Tm 30. 10 27.10 37.40 31.70 25.10 33.10 30.90 40. 80 22.90 30.90 32.10 15.23
Yb 309 261 378 339 249 364 320 395 229 319 328 167
Lu 72.10 58.80 82.10 73. 60 50.50 86. 40 72.80 84.90 54.80 73.10 75.00 40.70
(Ce/Nd)/Y 0.036 0.026 0. 025 0.034 0. 036 0. 067 0.072 0.011 0. 068 0.034 0.033 0. 094
Dy/Yb 0.19 0.26 0.23 0.20 0.29 0.15 0.19 0.26 0.20 0.22 0.21 0.17
Ce/Ce " 70. 58 132.99 62.27 427.00 1714.00 1263.76 863.60 153.98 75.83 126.71 44.65 479. 44
Eu/Eu” 0.50 0.54 0.65 0.67 0.56 0.60 0.63 0. 60 0.70 0.62 0.56 0. 66
Ce/U 0.01 0.02 0.03 0.02 0. 04 0.01 0.02 0. 04 0.02 0.02 0.03 0.01
U/Ti 1224 667 490 677 592 1458 1118 526 603 765 461 1208
t/°C 702 717 750 717 715 668 700 710 702 708 733 681
AFMQ 0.73 1. 40 1.78 1.31 2.14 1.21 1.57 2.29 1.37 1.56 1.67 0.29
logf()z -16.34 -15.30 -14.10 -15.37 -14.60 -16.80 -15.56 -14.58 -15.70 -15.37 -14.63 -17.35
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Continued Table 2
AERBEA
Liiner YL14- YLI4- YLI4- YLI4- YL14- YL14- YL14- YL14- YLI4- YLI4- YLI4- YL14- YL14- YL14- YLI4- YLI4- YLI4- YLI14-
07A-1 07A-2 07A-3 07A-4 07A-6 07A-7 07A-9 07A-10 07A-11 07A-12 07A-14 07A-20 07A-21 07A-22 07A-25 07A-26 07A-28 07A-29
P 65 73 57 68 153 166 125 131 153 71 105 91 83 112 78 P9 63 137
Ti 379 3.93 2.74 2.66 543 43 400 3.61 540 1.55 275 2.8 250 470 1.94 212 223 502
Y 989 829 759 745 1231 654 1057 1287 1189 891 1116 884 1104 1031 650 622 675 1296
Nb 3.93 351 290 2.9 593 1.75 44 6.11 430 1.47 3.67 2.60 406 218 2.8 226 2.61 4.46
Hf 11 740 10750 12120 10710 8940 9810 10570 10640 9740 11 750 10900 10 810 11430 9530 11 100 11 380 11 370 9 870
Pb 12.46 12.98 16.23 8.28 7.92 13.23 19.87 14.52 13.15 9.96 15.91 7.67 12.94 7.63 15.7 11.22 14.64 12.47
Th 672 680 849 430 420 715 1082 776 670 547 843 388 682 403 827 552 729 630
U 1838 1423 1920 865 600 848 1574 1517 944 1241 1862 754 1612 692 1777 1374 1661 1015
La 0.106 0.177 0.013 0.011 0.003 0.245 0.016 0.055 0.403 0.019 0.228 0.158 0.077 0.163 0.063 0.463 0.015 O0.161
Ce 41.4 46.9 40.3 33.5 743 47.2 743 641 70.6 28.4 49.1 38.9 533 453 37.8 344 37.6 743
Pr 0.057 0.139 0.045 0.05 0.106 0.203 0.118 0.069 0.258 0.154 0.138 0.079 0.075 0.235 0.076 0.152 0.049 0.261
Nd 0.69 1.42 0.56 0.86 2.22 213 1.40 1.22 2.34 238 1.57 091 098 3.47 1.07 1.40 0.94 3.81
Sm 1.7 3.08 227 1.77 552 317 530 3.49 395 48 316 240 2.54 6.4 219 191 220 587
Eu .13 1.19 0.93 1.07 1.8 1.4 203 1.68 1.8 1.8 1.70 1.09 1.40 2.24 1.31 1.09 1.01 2.6l
Gd 14.33 17.20 12.61 11.80 29.10 18.20 25.60 20.20 22.20 21.50 18.00 15.00 16.70 27.40 13.20 11.29 12.85 31.50
Th 4.83 515 424 3.94 851 513 6.29 7.41 7.35 575 597 477 575 7.73 411 3.499 3.9 09.19
Dy 62.7 60.0 55.6 49.6 103.4 57.3 86.5 89.9 9.7 66.4 76.6 62 71.9 87 46.4 42.9 48.6 107.9
Ho 27.19 23.83 21.45 20.70 38.00 20.51 31.60 37.30 36.40 24.90 31.40 26.30 32.00 31.60 18.50 17.35 18.92 40.60
Er 149 120 115 115 180 9 152 193 180 131 163 134 169 152 98 89 98 196
Tm 36.20 26.67 27.32 25.54 37.10 20.13 33.40 44.00 39.70 29.50 38.80 31.10 37.40 31.80 22.40 21.56 23.40 41.70
Yb 380 266 270.4 274 340 184.5 325 447 362 303 400 323 410 296 232 2225 230 402
Lu 9.7 60.2 63.9 61.1 67.9 39.0 70.9 99.3 80.2 69.7 90.7 7.2 9.0 61.1 550 51.7 547 8l.4
(Ce/Nd)/Y 0.061 0.040 0.095 0.052 0.027 0.034 0.05 0.041 0.025 0.013 0.028 0.048 0.049 0.013 0.054 0.040 0.059 0.015
Dy/Yb 0.17 0.23 021 0.18 0.30 0.31 0.27 020 0.25 0.22 0.19 0.19 0.18 0.29 0.2 0.19 0.21 0.27
Ce/Ce* 130.59 73.31 406.96 347.08 989. 11 51.89 419.25 255.12 53.68 127.72 67.87 85.37 171.96 56.75 133.94 31.79 340.04 88.87
Fu/Eu” 0.70 0.50 0.53 0.71 0.44 0.58 0.53 0.61 061 0.5 069 0.5 066 0.51 074 072 058 0.5
Ce/U 0.02 0.03 0.02 0.04 012 006 0.05 004 007 0.02 003 005 003 0.07 002 003 002 0.07
U/Ti 485 362 701 325 110 194 394 420 175 801 677 262 45 147 916 648 745 202
t/C 733 736 706 704 765 745 738 729 764 662 706 710 699 752 679 685 689 758
AFMQ 1.07 1.47 1.26 1.66 274 1.8 2.17 203 226 1.53 1.63 1.97 198 1.8 1.52 1.50 1.45 2.35
10?;1[02 —15.22 -14.74 -15.71 =15.38 =12.79 —14. 15 -14.01 —14.36 —13.28 —16. 65 —15.39 —14.90 —=15.19 =13.95 -16. 19 —16.02 —15.96 —-13. 34

TE: R/ C7 oA T REETE, Ti B93G BERAE I A R A & 13 255 B Ferry and Watson (2007) 3 “(Ce/Nd) /Y " $8 4541 i
JEEH Ce Nd.Y &8 B LLAE, B ART] A Lu et al. (2016) ; Euw/Eu® =Euy/(SmyxGdy ) *?; Ce/Ce™ = Cey/(LayxPry)%*; AFMQ il

l(!gfoz TR EIR H Loucks et al. (2020)

TRERBECAE AR LR B R (SREE) AT
354.28%107°~972.85x10™ Z[i] , A F 454 Eu 1Y
3% (Euw/Eu” =0.50~0. 70,14 0. 61) Al ik Z 1)
Ce IE52H (Ce/Ce” =44.65~1 714,14 452) , HBk
LB AREA R TR B A3 ih 4 BT EA B S Ze (i
P (I 6a), Wk HREE A% T LREE A9 8 2 & 4,
FROREEATRAESH . logf, F-17.35~~14.10(F
)-15.48) ,AFMQ 4 0.29~2.29 (FH¥ 4y 1. 44),
Dy/Yb {H 0. 15~0.29(F4#4 0.22) , (Ce/Nd) /Y {H N
0.011~0. 094 (-3 0. 045) , %5 47 Ti 18 Jy 668 ~
750°C (°F- 709°C) (ay; =0.9) , Th/U {4 0. 35 ~

0.69(F1J0.50) (£ 2; & 7.188),

fepd B A8 A f Lot R Bit (SREE) v T
495.26x10°°~1 008.32x10°° Z [f], [A1 kL H A H 25 ()
Eu B 5% (Eu/Eu” =0.44~0. 74,145 0. 60) 1 1.
) Ce IF 4 (Ce/Ce” =31.79 ~989. 11, F- 1
212.85) , HA AT BRRL B A b vfE AL AR e il 4
M2k & (& 6b) , 51 LREE 154 HREE, /s it
RIS O R JCR BRI . logf,,, -16. 65 ~
—12.79(F-#4-14.84) ,AFMQ H 1.07~2. 74 (V-1
J31.80), Dy/Yb 8 0. 17 ~ 0. 31 (¥4 0. 23),
(Ce/Nd)/Y{H N0.013~0.095( F150.041) , 854
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Ti & B H 662 ~ 765°C (F-# 720C) (a; =0.9),
Th/U {EIX 8] 75 FE 3 K 0. 37 ~ 0. 84 (-4 0. 53)
(F2; K7 K38),
3.3 EARiEkE

I A A R B AL < B 3 S
TCRMIEERSN TR 3, ARG IR Z AT
A AR et A5 Ay R AE , 5 B ) ol AR 2 M0 AR B B TR A
WIS . EARD X, K AL X BE A 1 58 2% i AR A
BRI A (0. 44% ~4. 52%) |, AL b BEA FOBe 0k A )
HASALIE /N (4. 33% ~4. 75% ;5 3 3) , VLB AE i BE
FAHE T 432 T B A s i, ah

HBERAL A4 TERAE 5 LOT % &I (&1 9) il LA H
AEHBES Y Fe P Na,Ca,Sr,Ba 4552 [ 25 5% i B
T (Wi 245 ey (VR S AN ¥ A (A U

T T K ALK BEA R Si0, i 65. 84% ~
70.77% (% 3; K10 & 11) ,F¥H 68. 33%; K,0
FE A 4.03% ~5.51%, -3 4. 62%; Na,0 & ik
H3.36% ~3. 93% , V-39 3. 73%; AW {H (K,0+
Na,0) 4 7. 87% ~9. 08% , - 31 8. 35% , Hi It 7] 4
I = ek -89 25 R 50 (& 10b) , R4
T 1~1.1 ZEMEIRE(A/CNK=1.08) , Al
TR AR B R o 59 0 8RBT S A (Middlemost,
1986) . K AL B BEA I HE o0 R B 110. 0x
107°~299.30x10°°( £ 3) , ¥ & & 208. 0x10°, 4
A EM TR EAE T H BN (Lay/ Yby fHA
T 20.89 ~46. 68 Z[1]) , 1E B AL A bR AL £
R ERA LGS (E 12) B TR AR
THM T ICEK B % (LREE/HREE {H/ T 14. 07
~21.05); &% Eu/Eu” J9 0.80~0.96,F17 0. 84,
Eusgfi 2% (K 12), R EEREFEATE
(LILE, @1 K. Rb U Th %), &2l = it /5% 0 R
(HFSE, @1 Nb,Ta,Ti) , HA3 W& H Ba P fi 7% (A
12) , n 2R LT S 9ICA J o 1 i ER T2 R AE M
BB A EA TR Sr(645%10°~1 071x10°°) |
iR Y(7%x107° ~15%107°) /& La(23.3x107°~78. 1x
10°) A% Yb(0.80x10°~1.30x10°°) F45AE, A1
HABEE) S/Y (57 ~94) Fil Lay/Yby {8 (21 ~47)
(FE13) , M3RIE 78 A B U ER T 24 R AiF ( Defant and
Drummond, 1990)

AL KBS SI0, % 5 oN74.10% ~77. 03%
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K3 ERAT _KEREEMERNHENERITE (wy/ %) MHEITE (w,/107°) HE
Table 3 Representative major (w,/%) and trace elements (w,/10™°) data for the monzogranite porphyry

and granite porphyry in Yulong Cu deposit

A4 R ZRALK B AR BEA
FEi YL14-28  YLI4-27  YLI4-26-1 YLI4-12A  YLI4-10A  YL14-11A  YL14-05B  YL14-07A  YL14-20-1 YL14-20-2
Si0, 70.77 69.73 65.84 68. 82 67.10 68. 12 67.91 77.03 74.10 74. 12
TiO, 0.38 0. 40 0.33 0.37 0.35 0.36 0.34 0.44 0.44 0.42
Al 0, 15.05 15.25 14.87 15.82 15.15 15.26 15.36 13.15 16. 47 16.35
Fe,0," 2.03 2.19 2.16 1.86 3.39 2.92 2.26 1.35 0.47 0.49
MnO 0.03 0.03 0.02 0.02 <0.01 0.01 0.02 0.01 0.01 <0.01
MgO 0.79 0.79 0.91 0.99 1.16 1. 06 0.96 0.52 0. 80 0.70
Ca0 2.19 2.38 2.41 2.18 1.43 1. 00 2.51 0. 09 0.09 0.02
Na,0 3.79 3.93 3.36 3.93 3.71 3.83 3.57 0.39 0.10 0.05
K,0 4.08 4.03 5.30 4.69 4.44 4.27 5.51 1.99 3.12 3.12
P,0; 0.20 0.18 0.20 0.20 0.19 0.18 0.21 0.04 0. 04 0.01
Ve 0.71 0.44 4.33 0.88 2.72 2.66 1.02 4.52 4.33 4.75
Mg 41.00 39.26 42.89 48.54 37.89 39.29 43.23 40. 85 75.12 71.80
\% 31 32 24 43 45 38 39 61 44
Cr 18 14 8 12 15 14 11 10 17
Co 3.5 3.5 1.7 5.2 8.8 7.7 9.0 7.8 0.5
Rb 167 162 203 159 168 161 219 132 293
Sr 741 782 645 1071 970 748 913 81 32
Y 13 12 7 14 15 8 15 11 7
Zr 210 185 163 305 281 308 181 193 225
Nb 10.3 10. 1 9.9 11.3 11.3 1.1 11.8 9.4 11.2
Ba 734 744 705 1 190 1122 905 1197 109 214
La 56.6 41,2 23.3 66.2 78.1 28.5 64.1 44.8 48.5
Ce 106.2 82.1 45.4 114.1 132.9 50.8 112.5 80. 1 87.8
Pr 11.0 9.0 5.6 12.0 14.1 5.9 11.9 8.3 9.2
Nd 39.9 32.9 23.1 44.7 51.4 22.0 43.2 27.6 32.6
Sm 6. 60 5.50 4.20 7.10 7.80 3. 60 7.20 4.00 4. 60
Eu 1.50 1.30 1.10 1. 60 1.70 0. 80 1. 60 0.90 0.90
Gd 4.70 4.10 2.90 4.90 5.30 2. 60 5.00 3.10 3.10
Th 0.70 0. 60 0. 40 0. 70 0. 80 0.40 0.70 0. 40 0.50
Dy 3.00 2.70 1.80 3.10 3.50 1.80 3.30 2.10 1.80
Ho 0. 50 0.40 0.30 0.50 0.50 0.30 0. 50 0.40 0.30
Er 1.40 1.40 0.90 1.50 1. 60 1.00 1.70 1.20 1.00
Tm 0. 20 0.20 0.10 0. 20 0.20 0.10 0. 20 0.20 0.10
Yb 1.10 1.10 0. 80 1.20 1.20 0.90 1.30 1.00 0.90
Lu 0. 20 0.20 0.10 0. 20 0.20 0.10 0. 20 0.20 0.20
Hf 5.70 5.20 4.60 6. 60 6.00 6. 80 4.90 5.00 6. 00
Ta 0. 90 0.90 0.90 0. 90 0.90 0.90 0. 90 0.70 0.90
Pb 27.5 25.6 32.8 27.6 24.3 15.8 27.0 27.2 43.4
Th 27.4 22.3 28.3 23.9 27.4 21.8 24.0 23.5 11.8
U 9.8 12.4 12.3 6.0 9.2 4.8 10.3 5.0 4.4
SEu 0.82 0.84 0.96 0.83 0.81 0. 80 0.82 0.78 0.73
LREE 221.80 172. 00 102.70 245.70 286. 00 111. 60 240. 50 165.70 183. 60
HREE 11.80 10.70 7.30 12.30 13.30 7.20 12.90 8. 60 7.90
SREE 233. 60 182.70 110.00 258. 00 299. 30 118.80 253.40 174.30 191.50
LREE/HREE  18.80 16.07 14.07 19.98 21.50 15.50 18. 64 19.27 23.24

Lay/Yby 36.91 26.87 20. 89 39.57 46. 68 22.71 35.37 32.14 38.65
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Fig. 9 LOI vs. major elements, LILE and Sr-Nd isotopes diagrams for the monzogranite porphyry and granite porphyry in Yulong Cu deposit

(£ 3, & 10, K 11),F 75.08%; K,0 % & H
1.99% ~3.12% ,F-3J 2. 74% ; Na,0 4 0.05% ~
0.39%, 73 0. 18% ; 4ffi{h (K,0+Na,0) H 2. 38%
~3.22% , - 2. 92%; &G PE R 5 (K 10b)
ALO, S HH 13.15%~16. 47% ,F-3 15. 32%,
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Fig. 10 Pot of (Na,0+K,0) vs. SiO, (a) and K,O vs. SiO, (b) for the monzogranite porphyry and granite porphyry in Yulong Cu deposit
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Pt Nb | Ta | Ti S5 SR C R | HAMA A 0 B A 210
Ba Sr.P 54 (K 12) , 5K IAERBESAHEML, £
B B [T RE ELAG 55 La(44. 8x10°°~48.5x10°°) fik
Ybh(0.90x107° ~ 1. 00x107°) 1 Lay/Yby {E (32 ~
39) FUHRAE (& 13 & 14) , B /R 382 5K 5 5 2 Ak
(Defant and Drummond, 1990) . {H15 1 &E K&, 5
T BEA A L AT BE AR L, R AR < 5
HHARERW S F i HEA AR Y & & (Lin
et al. , 2018) , H AT BB A A1 32 B AR el i 5 3 Se

, 2004 ; data sources:

: Malasongduo and Duoxiasongduo from
et al. , 1998a)

ERITEL
3.4 Sr-Nd @fiZ

W X AL A B A A A6 B BEA Y Sr Nd [
REZMTEARE N 32 4, — K ALK BES BAA R E B Rb
F R Sr ik, 20 BT 159. 34x107° ~219. 42
107 F1645.07x10°~1 071. 09x10°® Z Ja] , 1145455
w1tk (YSe/*Sr), {H M 0. 706 182 ~ 0. 706 695,
eNd()EAN T-4.61~-1.93 Z[a], — BBt Nd f=t
AR (1) AT 1344 ~1 040 Ma Z 6], A6 BEAH

12 Chondrite-normalized REE (a) and primitive mantle-normalized trace elemental spider (b) diagrams for the monzogranite
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x4 EREYT _KIERBEMLRBEE Sr-Nd B RSTER
Table 4 Whole-rock Sr-Nd isotope data for the monzogranite porphyry and granite porphyry in Yulong Cu deposit

w(Rb)/  w(Sr)/

w(Sm)/  w(Nd)/

FE s #ik 6 s TRbsr Ysrsr (Msi/sr), 6 “o  Wsm/MNd eNd(t)  tpy/Ma tpyy/Ma
10 10 10 10
YL14-05B ZRACR B 219.42 913.41 0.6951 0.706 944 0.706 548 7.15 43.15 0.100 15 -2.34 882 1126
YL14-10A TRAER B 168. 12 969. 85 0.501 6 0.706 864 0.706 578 7.82 51.37 0.092 02 -3.04 871 1220
YL14-11A ZRAEHBEE 161.23 748.39 0.6234 0.706 885 0.706 530 3.63 22.01 0.099 58 -3.16 934 1200
YL14-12A TR B 159.34 1071.09 0.4305 0.706 940 0.706 695 7.12 44.74 0.096 19 -4.61 1 004 1 344
YL14-26 TRAER B 202.76 645.07 0.909 5 0.706 933 0.706 415 4.25 23.06 0.111 35 -1.93 943 1 040
YL14-27 ZRAEBEA 162. 15 781. 68 0.6002 0.706 524 0.706 182 5.48 32.87 0. 100 68 -2.54 900 1141
YL14-28 ZRAC KBRS 166. 77 741.20 0.651 1 0.706 768 0.706 397 6.58 39.90 0. 099 66 -4.17 1 004 1290
YL14-07A AL BEA 131.48 81.27 4.6811 0.710296 0.707 630 3.98 27.55 0.087 39 -2.06 780 1147
YL14-20 e BES 293.11 31.86 26.620 8 0.721 135 0.705 972 4.60 32.56 0. 085 37 -2.91 820 1232

FE R Rb AR Sr &, /0518 131. 48x10°°
~293. 11x107° F1 31. 86x10™° ~81.27x10™°, 1158 fr
B hs (YSe/*Se), {H A 0. 705 972 ~ 0. 707 630,
eNd () A T-2.91~-2. 06 Z[d), —Hr Bt Nd f=t
AR () ST 1 232~1 147 Ma Z 1],

4 He
41 BE-BVHZ%ER

PN AFEE (2015 ) i 1 PEAH 0 BF A0 T PR A
TERABER B IR I B A8 IR IE I R . O &
TR AL S LR R BE A s Q) AL B A 1]
A0 kAR FR S A i TR e A TR T U S
B (R A S - Ak A ks PR A3 b AR
BEA BB ] AMK O A S - K A (RiR) A -
B (PR A -E Bk (-
BN AL R BEE PR 0y s B AR BEE T KR
WIS (A S - A A Ik UST A 9655 /1Y
TEAERTR 2220 H,0 BT, BLAk, BF 40 o s i
FREE R MR KBS R A KA R BEA T (AN LT
4, 2015) W5 R K AL KBRS BT AL KBS R A
ST DL EEPAMB R S, B X P A A S
FINE BRI N . R AE K BEA A6 BB TR
WiE Sk, Hp LR BEE A T RN A
T R AL R BEA MR AR, AR SO s X
kB I E B IR R A B A LA-ICP-MS
U-Pb [E{; Z ARS8, — K A8 5 BEATE R
h 41.89+0. 28 Ma, IMi 4L =< BEA A B AR 41. 59+
0.17 Ma, HIATELNM LA B BoR £ IR IR
LA VE S £ R 2B 7E 40. 620. 3 Ma~40. 1+1. 8 Ma
(Hou et al. , 2003; JE2>455, 2009) . [Ff ZRAFEA
M EE SRR, K TR 5 BE# T B LT 46 <) BE
7, AL R BEA TE SR 2T Cu-Mo #74k, IF HLAE

RBEE S Cu-Mo W Ak i AR T, 78 — 3 1
PHOCE B )
4.2 HABEASIEXYRHE

A MRk 27 R P A IR IX S v i A )
VTR, HEEERT X, 5052 280 iy o fe o
RIS VE FE, (45 8™ 1 Ak i B 25 B A IR Ay
K,0 & B %1 Ba Sr P a5t %  HEBR R 5
PR, B0 X T &0 ZARAL X BEA FISA 1
B B 1 B IR v B B IR AL A R AE (B Si0, >
56% . A1,0, > 15% .Y < 18 X 107, Sr = 400 x 107°;
Defant and Drummond, 1990) . [R i}, — K48 i< B¢ &
FE B A 78 U AR 42 sk Ak 27 F Se-Nd [7]
FLZR 20 7 T BAT s BE AR, nz — 35 B Ui =
]340 DGR B R IS BEE R R IR T [/l — 598 b, JOF
HAFLR A

IR, O T3R8 v sl 48 58 v i A A A A
AL, FEARE . O IR ph 7S F8 53 425 il ( Defant
and Drummond, 1990; fRAESCE, 2018) ; @ il
FEERAT VAR ( TR 20115 Chen et al. , 2015) ;
@) FeME A K R AL TR G Fn 43 28 45 & ( Castillo et al.
1999; Macpherson et al. , 2006) ; @ Z ik i 53K 5
K FAI AR A EH (Guo et al. , 2007) 5 & JJE
T Hb % HE 4 15 Fl (Hou et al., 2011; Dai et al.
2020a) ; © YFUUT HFCHR /TR (Xu et al. , 2002;
Dai et al. , 2020b) , HETXS T £ I B 4 07 & B8
BEAHR D 0 R A4 . ST P AR
FREAY (XS T BHSE | 1998; Wang et al. , 2001) &
TR 23 A RS (5K R AR, 2000) | R AR A
ZLIRT T4 1) ZR R A (Wang et al. , 2001) \KEL
FRENT I K B IR AR M i 5 43 45 Bl ( Hou et al. |
2003) JEZ AU TS AR B T )
TR (TS, 2004; AR, 2008a) DL A g
SRR 4 = B~ A A0 B RDEE A 5 DR AR 2
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JERAEAY (Jiang et al. , 2006) . TG bR A il

TS 5, R 38 50 A A AR i R AE S AR & A R X

FEER 00 0 M T 8 N A 5 20U (Castillo, 2012
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Chiaradia et al. , 2012) . KA B K B 5 3¢ TR
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L b ® (BB (FhELF, 2020)
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Fig. 14 Ta/Smvs. La (a), La/Yb vs. La (b) diagrams for the monzogranite porphyry and granite porphyry in Yulong Cu deposit
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U e eb i R R =8 LA e I (S S N TR 5
TR 41 BB B 1) MgO Mg"  Cr oo R & &
(ETHi%, 2011; Chen et al. , 2015; fOAE 4%,
2018; Dai et al. , 2020a) , SRM4E K ZE0E KB A
Fim EA B AT MgO Mg* Fl Cr (I 15) , 4R
5 R e sl SR D0 5T B B 38R 3K 5 TS A AR AS

90

w(Ce)/w(Pb)

@ TR PR (ELT, 20200
5 * @ U TE 1A B A (A S
O AEMBEE (Jiang er al., 2006)
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wiNb)w(U)

15 ERET RS T KAERKBEA T MgO- Si0,(a) Mg*~Si0,(b) .Cr=Si0,(¢) Fl Ce/Ph-Nb/U(d) [Flfi#t
(JEEBIH Dai et al. , 2020a)
Fig. 15 MgO vs. SiO,(a), Mg*vs. SiO,(b), Cr vs.SiO,(c), and Ce/Pb vs. Nb/U (d) diagrams for the monzogranite
porphyry and granite porphyry in Yulong Cu deposit (after Dai et al. , 2020a)
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. BIL, BIRBEA A K AT BE i R oh e 72 IR ol i
Sea AR UTINRE T 52 35 S BlOE i (I 15a, 15¢,
15d) .

R EY, LRI E T s ss (A
W A25) SURE T 48 B 45 i (A B A + Bphig
A+ A+ NG+ 2 5) Ml =4 B
PRIk va U M BR Ak 25 FEAE B9 5 HK (Castillo et al.
1999 ; Macpherson et al. , 2006) , SR, B30 17 B
S ERDE BUABUR LR I KA KT E £
A ZRTREE I, (HFE X K I 35 4 2% B R A
AR A FE P25 ( Yang et al. , 2014; Sun et al. ,
2020) , LM A Ay B A i E AN TE HF £
BEA, BRI, —Se B it o0 B 164094 R 43
g ihad b Eon SRS R R AR fb ka3, il an, 784y
Bk B AR La/Sm 1 La/Yb {EARXS §4 58 , 1 £E 5B
AR AR La/Sm F1 La/Yb (6B A B E254k, H.
5 La & 2 U0 A9 1E AR OCHE (R4, 2019;
Dai et al. , 2020a, 2020b) , 7E La/Sm~La il La/Yh~-
La Efff I (Bl 14) , ERBEAFE T La/Sm Fl La/Yb
H5 La &8 HA AR AH S, 2B H R 87845
IR, Moy B2 E IR . 50 4h, A g
IR Mg fH & Cr 5 50 5 M IR A I IR R &
FAR A BA B 2509 Nb Th 1A 5%, B i Nb/U
Hl Ce/Pb {H, 5 MORB & 3 K[, {0 5 M7 {E #2030,
7R BB R B T A (B 15) .

TEGBrt, thF AR AIICA SRR I, b e o
F3h 7 SR B E 1 & 40 ~ 45 km (BLE A 45, 2005,
Yang et al. , 2014; Dong et al. , 2020) , /& & Wi it b
5 A P R 3 3 43, R R R R A ARk A T8
M5 R A H i, IR 2 B A T R TR X B R X —
HbFe b1 . S E IR E T A o s e
BRI IR 58 BT R B BAR T MgO Mg" A TR
Fr (A0 Cr FOND) |, HS5 AR S IR 25350 404 il
TV 181 S 565 05 AR A 0L (38 % Mg” /T 455 Rapp and
Watson, 1995; Rapp et al. , 1999) . £ B BE A
HABARM) MgO Mg* Fil Cr &8, SR F #7354y
YR RIE LAY B35 7 A A AR L (B 15h) , Ik, &
TR v BT 5 ] RE PR AL eSS L BT HsE R 4
I Fl T R

(EASTE R B S , 5 95 30 M B T i 75 k6 I AR
FARA L [eNd (1) = =4, 7~ =10. 1,YSr/%Sr =
0.710 8~0.713 2; Lai et al. , 2011], E B BE Ak H
AHEZHAY Sr-Nd [ R AR [ eNd (1) = —4. 61 ~

-1.93, (YSt/®Sr),=0.706 2~0.707 0) |, &/~ YR IX
HRTBEAETERT AL T W B N . Yang 55 (2014)
TEMFSE B e B4 A e G a0 A% 46 BT 90 H 573
BEAAH () 0 DR U™ 5025 B PR B 25 T 138 58 e o
BEA ARG I Sr-Nd [ 47 R fg A Hf [ &R,
LK Si0, (K,0 &, Ik MgO MM A TR & &%
S, O OB s B A IR AR B R4
e WA B 5 & o B T b e A B T -
R A BT R B A AR IR AR B IR AR AR R M s 2 T O
SEECT H5e & AR 434 BiomT 7 A B ) e B R 58 5
A AE eNd(1)—(TSe/%Sr), R F (K 16) , &
T BESRE S S TETE T 90 H 5739 B B 5 I8 3
T M FE AR TR M A R 2 ), I T R AN H DT
A B — M, W s B R B IX T e S48 H BT
BT B HAT AR, R DR AE, BV 8 R B 5 A
AR ISR T OINE S M 7S i Ah A v BE AT B BT -
FRA A2 I A AR DX A o — R B B R 1 BT
HREE /D BEAh, KR BES & K,0 (3 >4% ) Rk LA
N5 Batu Tara 8512 ALY Sr-Nd [7]437 25 2H A% (
16) B /R B A 7E £ R RSB B B ke 1 2L

@B (fhhT, 20200
@ CTERRES (A EE)
i O KAE R BE Y (Jiang ef al., 2006)
LA T
I MORB
0 TR R
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ZEMZ M SRR Z RS A K EIRAE, 2000; JEH5 T i
SRR ARG A Lai et al. , 2011)

Fig. 16 &Nd(t) vs. (¥St/*Sr), diagrams for the monzogranite
porphyry and granite porphyry in Yulong Cu deposit ( Narigongma
from Yang et al. , 2008b; Duoxiasongduo and Malasongduo
from Zhang et al. , 2000; Elogite enclaves in the lower crust

of Qiangtang from Lai et al. , 2011)
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A
= % Gk

43 4%

ZE LR, ER R ALK BES AR H T T i
FCHEE W) T o ds AR AH T R A AR T
A AR Al ) B 8= 1Y La/Yb {H (La/Yb =~30;
DU 14) R A 353K 50 BURRAE . TG 262 2 7
TR HEH M ik BEpd it 42 T ANG
B En i, AN S D B TR W RHIE A5 R
SE R IR v T RRAE O B SR RIS, A A A 1
S5 AT DL 3 R TR AR A R B H,0  CLL Cu S 1Y
i (Enami et al. , 1992; Sato et al. , 2005; Hsu
et al. , 2017) FEFAHK MW T7, MIEE LR P
TR N300 E RS H0  AY Lay/ Yby {HIE
e T T S P 08 At B 4 7 ( Zarasvandi et al.
2015) ,

4.3 R ERIZEHESE

WHTTA, e & KA BEA 5 R 48
5 BEA T B AR 20T Se-Nd [F)437 22 R4 4 H Bk Ak 2
FRAE AR — B, R WL E AR R 1 A IR RS A
HCEAL, AR 2R P U s [v) 422 3 1 ok o =25 2KV FH 1)
TR BRI, PRI 0 W 22 S AN R AT R o 3R
T DXAS [F) Jr 2 B

W5 R, &5 A Tl e R A B A — B
S W KR W ), B A B Ew/Ea”
(Euw/Eu”)/Y .(Ce/Nd) /Y F1 Dy/Yb {F% 88 & 1 ;2
WA SRR S (Lu et al. , 2016) , &A1 U Ce,
Ti ¥ 18 B8 17 42 € 5 55 2K 1Y 500% JE (Loucks et al.
2020) . FE B PE RS AT (R A R A
) Ew/Eu” (>0.3) .10 000x (Eu/Eu® )/Y (>1) .
(Ce/Nd)/Y(>0.01) X HAKK Dy/Yb {EH (<0.3) , H
R RIAEROK S E, ER KA KBS ML
b BE 7 R B A e e R AR I, B B B A 2
HABEM Ew/Eu” (>0.44) .10 000x( Euw/Eu” ) /Y
(>3.6) .(Ce/Nd)/Y (>0.01) M HAKH Dy/Yb i
(<0.31, F30.22) , WM& ¥ HA RSN ARK
S, UL, PIEEA OK S R RE AR 2 S BUR
XS FEFHEE, B Loucks 55 (2020) 4 Hi 1)
LB R AN RSB S KA BEE logf,,
H-17.35~-14.10( *F-#)-15. 48) , AFMQ & 0. 29 ~
2.29 (CF¥I0 1. 44)  fE R BEAS logf,, N —16.65~
~12.79 F-11-14.84) ,AFMQ H 1. 07~2. 74(F3 K
1.80) . Wi EGREEIES , 528080 BEA T aT i
EAURE (EH AFMQ>1) —3( Richards, 2015; Lu
et al. , 2016) , (HAHXTIN & , ALK BEA K K AGH A
AW S R R AR T 2 ST RE R

FEO R E AR REERNER,

5 5B

(1) [ R AR =R R, B e X i) — K
A R B HAT 5 A6 5 BES T L 25 AR Y, Ty 42 ~
41 Ma, ZRKAERKBREETE B 5T A6 i BEA, 46 i< BE
N AR T A B S AR OF T ™
ZHT) , SEPAN R A A

(2) B X KA BEA FIAE G BEA Y B A
PRk v B e B MR AL A REAE O Ho A it Hh Bk
2= F0 Sr-Nd. [F) 7 22 20 B s 2 AR ARL, 1 7 PR S B2
AR IR T [F— 50 55 LR AR,

(3) EhBtaEA R K0 &8, BN MgO,
Mg" Cr, 35 1) Nb, Ta %1 55 %, B A% & Nb/U A
Ce/Pb {8, LA JZ BT 1Y Se-Nd [F 4 Z 4L, /R &
Je AT PR 25 B 5 R 5 SR M 03 2 Rl | T e
AR R A RN A ST . 2R AT &
JeAT PR BRI AR T8 A M7 R s il

(4) BamE T ENE Lo s, Kk
B3 BEE M AR B B 1) EL A B v AR 3Kk i
FAL AT R A I AR B (R < B B R
AT R, LR A A b B e B SR W
TR 25 ST RE R BT AR TR

B EATAEAR T AAB WA &R,
FhA REEFARG R AW, GEL R LT
BPLTTREN, FRERFHBELITALT
AL FRBETEXRHCAERL, ER—F AT
Bt
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